In two experiments, French speakers detected cv or cvc sequences at the beginning of disyllabic pseudowords varying in syllable structure and pivotal consonant. Overall, both studies failed to replicate the crossover interaction that has been previously observed in French by Mehler, Dommergues, Frauenfelder and Seguṍ (1981) . In both experiments, latencies were shorter to cv than to cvc targets and this effect of target length was generally smaller for cvc . cv than for cv . cv carriers. However, a clear crossover interaction was observed for liquid pivotal consonants under target-blocking conditions, Alain Content, Laboratoire de Psychologie Expé rimentale, ULB-LAPSE CP191, Avenue F.D. Roosevelt, 50, B-1050 Bruxelles Belgium. E-mail: acontent@ulb.ac.be
and especially for slow participants. A third experiment collected phonemegating data on the same pseudowords to obtain estimates of the duration of the initial phonemes. Regression analyses showed that phoneme duration accounted for a large proportion of the variance for cvc target detection, suggesting that participants were reacting rather directly to phonemic throughput. These ndings argue against the hypothesis of an early syllabic classi cation mechanism in the perception of speech.
How acoustic-phonetic information is mapped onto lexical representations constitutes a central issue in the study of speech perception and spoken word recognition. Various kinds of linguistic units, ranging from phonetic features to syllables, have been proposed to mediate the mapping process. Among these units, researchers have long considered the syllable as an obvious choice. Indeed, since the syllable constitutes the domain of most coarticulation phenomena, it appears to provide a natural way of dealing with the problem of variability in the signal.
One in uential source of evidence favouring the hypothesis that syllable units are instrumental in speech processing comes from studies using the sequence detection task (see Frauenfelder & Kearns, 1996) . In the original study (Mehler, Dommergues, Frauenfelder, & Seguṍ, 1981) , French subjects detected Consonant-Vowel (cv) or Consonant-Vowel-Consonan t (cvc) targets in spoken target-bearing carrier words whose initial syllable was either cv or cvc. For instance, pa and pal were detected in words like pa . lace and pal . mier.
1 Detection latencies were shorter when the target exactly matched the rst syllable of the carrier word, with responses to pa faster in pa . lace than pal . mier, and responses to pal faster in pal . mier than in pa . lace. This crossover interaction between target type (cv versus cvc) and word type (cv words vs. cvc words) has been called the syllable effect.
One feature that makes this study particularly attractive is that its design inherently controls for potential artifacts related to target and carrier properties. Indeed, exactly the same targets and exactly the same stimuli were used in the syllabic match (cv in cv . cv words, cvc in cvc . cv words) and syllabic mismatch conditions (cv in cvc . cv words and cvc in cv . cv words). What remained unclear however from this seminal experiment was whether the syllable effect is driven by acoustic-phonetic matching information or involves language-speci c perceptual mechanisms.
A later follow-up study provided an elegant demonstration of language speci city. Cutler and colleagues (Cutler, Mehler, Norris, & Seguṍ, 1986) constructed an English version of the original experiment. They tested British subjects with the new English and original French materials, as well as a group of French listeners with the English stimuli. No syllable effect was obtained for native English speakers, either with English or with French stimuli. By contrast, French listeners produced a signi cant syllable effect in English, with a rt pattern rather similar to that of the original experiment. Thus, the presence of the syllable effect is a function of listeners' characteristics: It occurs for French listeners whatever the language, and it does not occur for English listeners.
The differences in the behaviour of French and English listeners were attributed by Cutler et al. (1986) to the phonological and rhythmic characteristics of the two languages. The absence of a syllable effect in English was attributed to its greater diversity in syllable structures and to the existence of cases in which one consonant simultaneously belongs to two adjacent syllables. The ambiguity caused by such ambisyllabic consonants and the complexity due to the rich inventory of syllable types in English were taken to make syllabic segmentation more dif cult, thereby preventing English listeners from acquiring and using a syllabic segmentation routine. Cutler et al.'s (1986) account predicts a syllable advantage in any language characterised by clear and regular syllable structure. Hence several follow-up studies have been performed in various Romance languages, using the same type of procedure as in the Mehler/Cutler studies. The results lead to a rather more complex picture than initially proposed. Sebastiá n-Gallé s, Dupoux, Seguṍ, and Mehler (1992) assessed the syllable effect in Spanish as well as in Catalan. They found a syllable effect in Catalan, but only for a subset of words in which the critical sequence was unstressed. No effect was found for words bearing rstsyllable stress. For Spanish, the syllable effect was only observed when a secondary task was imposed on participants so that reaction times were about 200 ms longer than in the standard conditions. Bradley, Sá nchezCasas, and Garciá -Albea (1993) also reported a syllable effect for Spanish. While these authors did not impose a secondary task on their subjects, they introduced catch trials so that the average rts from their Spanish sample were also rather long, in the same range as in Sebastiá n-Gallé s et al. 's (1992) last experiment.
Finally, in a recent study, Tabossi, Collina, Mazzetti, and Zoppello (2000) assessed the syllable effect in Italian and found a pattern similar to that obtained by Sebastiá n-Gallé s with Spanish listeners. The results showed only a main effect of target length, with cvc targets slower than cv targets. No catch trials were used, and the rts were in the 400 ms range, as in Mehler et al. (1981) and Sebastiá n-Gallé s et al.'s (1992) standard experiments. As for Spanish, despite the regular syllable structure of Italian, no evidence of a syllabic processing routine was obtained.
To account for their ndings, Sebastiá n-Gallé s and colleagues (1992) relied on a proposal previously put forward by Dupoux (1989) . He proposed a dual coding framework in which listeners can respond using either a subsyllabic or a syllabic perceptual representation. Dupoux reanalysed the original data from Mehler et al.'s (1981) study as a function of participants' overall reaction times and found that the characteristic crossover interaction was only signi cant for slow participants. He suggested that subjects could make a detection response by matching the target to either a subsyllabic or a syllabic representation of the carrier, and that the latter was only used in slow conditions. Sebastiá n-Gallé s et al. (1992) interpreted their ndings in the same framework. In their view, a syllabic representation is extracted from the signal, but subjects do not necessarily exploit it in performing the task, because they can also base their match decision on a phonemic code. Although the precise conditions that control the use of either strategy are not spelled out in any detail, the general idea is the following: The syllable effect is most likely to emerge either when acoustic-phonetic transparency is low, so that the extraction of segmental/subsyllabic representations is relatively hard, or when task demands induce participants to respond more slowly. The concept of acoustic-phonetic transparency encompasses a variety of factors which may affect phonetic perception, such as the amount of coarticulation between adjacent segments, the stress level of the sequence, or the size of the relevant phonemic inventory to which the acoustic input has to be matched.
In sum, recent investigations of the syllable effect in various Romance languages have considerably complicated the picture, and have led researchers to specify a number of boundary conditions for the emergence of the effect. Paradoxically, it is not totally clear that the account proposed by Sebastiá n-Gallé s and colleagues predicts the initial nding in French. Based on the features discussed by Sebastiá n-Gallé s et al. (1992) to compare phonetic transparency across languages, it is not clear whether French should be classi ed as a low or a high transparency language. On the one hand, French has more vowel categories than Catalan or Spanish, a factor deemed to decrease phonetic transparency. On the other hand, stress is not contrastive and there is no vowel reduction in French. Whatever the most appropriate analysis, given that the syllable effect does not occur systematically for all conditions in any Romance language, it seems important to replicate it in French. This was the rst aim of the present study.
A second general issue concerns the explanation of the phenomenon. Mehler et al. (1981) assumed a perceptual interpretation of the effect. They concluded that the speech stream is perceptually segmented and classi ed into syllabic units at an early processing stage. According to that interpretation, the syllable effect is explained by assuming that detection latencies depend upon the goodness of the match between a syllabi ed representation of the carrier word and the target. Thus, in the case of cv . cv carriers, cv detection is rapid because the target directly matches the syllabic representation. In contrast, the detection of the cvc target takes more time because it requires the extraction of the initial consonant from the second syllable and its combination with the rst syllable. For the cvc . cv words, the output of the syllabic process corresponds exactly to the cvc target, whereas the syllable must be decomposed into its segmental constituents in order to extract the cv target.
A slightly different type of explanation, previously suggested by Rietveld and Frauenfelder (1987) , can however be envisaged. It supposes that the mental representation of the speech signal is richly speci ed and includes allophonic and subphonetic detail. This subphonetic explanation also assumes that detection times re ect the goodness of match between the perceptual information extracted from the carrier and the mental representation of the target, but it does not appeal to the hypothesis of syllabic segmentation and classi cation. In this view, the advantage of cv . cv words over cvc . cv words in cv detection results from the fact that at a ne-grained level of representation, the initial cv sequence of cv . cv words more closely matches the target than that of cvc . cv words. These phonetic differences might be a consequence of the organisation of speech segments in larger units such as syllables at the level of production. The essential point is that this view does not require that the higher-ordersyllabic-structure be captured in perceptual representations.
One way to distinguish between these two explanations is to test the generality of the syllable effect across various stimulus conditions. In this regard, it is worth noting that most of the studies cited above used a very limited item set (but see Bradley et al., 1993 for an exception), presumably because they closely followed the methodology of the original study. In Mehler et al.'s (1981) experiment, only ve pairs of words were used. All started with a plosive, followed by the same vowel (/a/), and either /l/ or /r/ as pivotal consonant.
Clearly, one unresolved issue is whether the syllable effect generalises to a more varied stimulus range. In view of the two explanations discussed above, this becomes important since the syllable processing routine should apply universally, whatever the speci c phonetic properties of the stimuli. Thus, the latter hypothesis would predict that the syllable effect emerges whatever the nature of the pivotal consonant. Conversely, if the effect is driven by listeners' sensitivity to allophonic cues that permit the discrimination of cv and cvc syllables, one would expect the effect to vary as a function of the salience of syllabicity cues.
Hence, the second aim of the present research was to assess the syllable effect across the major classes of pivotal consonants, and to examine the relationships between the obtained rt patterns and the acoustic-phonetic properties of stimuli. An additional motivation was to assess the syllable effect on pseudoword carriers. Although the syllable effect has generally been thought to arise during prelexical stages of processing (Bradley et al., 1993; Dupoux, 1993; but see McQueen, 1998 and Zwitserlood, Schriefers, Lahiri, & van Donselaar, 1993) , none of the published studies in French has directly tested the target/carrier crossover interaction with pseudowords. In addition to avoiding the risk of lexical contamination, the use of pseudowords made it easier to devise experimental stimuli, given our aim to vary the pivotal consonants.
EXPERIMENT 1
Experiment 1 aimed at examining the presence of a syllable effect with pseudowords, with varied pivotal consonants. Because the design of the experiment entailed a large number of trials per participant, we did not use the standard monitoring procedure. Rather, the presentation of the target was followed after a short delay by a target-bearing stimulus, to which a key-press response was required, or by a ller in the no-go trials.
An additional aim was to assess the in uence of catch trials on performance. In the absence of catch trials, participants have the opportunity to bypass the sequence detection instructions, and to respond on the basis of a partial match (Bradley et al., 1993; Norris & Cutler, 1988) . The presence of catch trials in which the stimulus begins with the same phonemes as the target (e.g., car in calbor) should discourage such a strategy. Furthermore, according to Sebastiá n-Gallé s et al. (1992) and Dupoux (1993) , the syllable effect is more likely to emerge when participants are forced to slow down their detection responses, and it is known (Mills, 1980; Norris & Cutler, 1988 ) that the inclusion of foils slows down performance. The same experimental trials were used in a Foil and a No-foil condition, by replacing one half of the no-go llers by catch trials. We expected to observe an enhanced syllable effect in the Foil condition.
Method
Participants. Thirty-nine participants were tested in the Foil Condition and twenty-nine were tested in the No-foil Condition. In this and the following experiments, all participants were native speakers of French (Swiss dialect) and ranged between 19 and 40 years in age. No participant reported any hearing de cit. All were naive regarding the aims of the experiment and no participant was tested twice in different experiments. Most of them were psychology students at the University of Geneva and participated for course credit. A few were assistants from the Department who participated voluntarily.
Stimuli. For the target-bearing trials, pairs of disyllabic pseudowords were constructed (see Appendix). Both members of a pair shared the same initial cvc sequence but varied in syllabic structure. In each pair, one pseudoword had a singleton pivotal consonant and the other pseudoword included a cluster of two successive consonants. The targets were the initial cv and cvc fragments of the carriers. As far as possible, we avoided using targets that correspond to familiar words in French. This was dif cult for the cv targets, since nearly all possible cv strings in French are words, but most of the cvc targets were either non-words or infrequent words.
Three sets of carriers, each including eight pairs, used either liquids, fricatives (/S/ and /f/), or stops (/p/ and /k/) as pivotal consonants. In these, the consonant clusters selected were never tautosyllabic (and never occurred at the onset of real French words), so that the syllabic structure of carriers with clusters was cvc . cv. Each set comprised two pairs of pseudowords with each of the four vowels /a/, /i/, /u/, /y/ in the rst syllable.
A fourth set was included for exploratory purposes and will not be considered further in the present paper. It was devised to assess whether the rt effects are sensitive to syllabi cation preferences. It used either clusters with /s/ followed by a stop, which are ambiguous as regards syllabi cation preferences ( . st vs. s . t; Treiman, Gross, & Cwikiel-Glavin, 1992), or clusters starting in /f/ followed by a liquid, which are generally considered tautosyllabic.
For the no-go trials, 32 pairs of pseudowords were constructed. As for the target-bearing trials, the two members of each pair had the same initial cvc sequence. One pseudoword had a simple pivotal consonant and the other included a cluster. The pivotal consonant was approximately equally distributed among stops, liquids and fricatives, and about one quarter of the clusters used were tautosyllabic (e.g., / /) or ambiguous (/st/). The targets were the same as for the target-presen t trials. Each pair of pseudowords was randomly assigned one pair of targets, with the provision that there was no single phoneme match between the targets and the initial part of the pseudowords.
In addition, 128 catch trials (for the Foil Condition) and 128 ller trials (for the No-Foil Condition) were constructed, again based on the same set of 32 cv and 32 cvc targets. Two foils, one of cv . cv and one of cvc . cv structure, were constructed for each target. For the cv targets, the two foils diverged from the corresponding target by the rst vowel. For the cvc targets, the foils shared the initial consonant and vowel with the corresponding target and differed on the second consonant. For the NoFoil condition, the foil carriers were replaced by another set of pseudowords matched in syllable structure and such that there was no phoneme overlap between targets and carriers.
Finally, an additional set of 26 trials, half with cv and half with cvc targets, was constructed for practice. It included 10 target-presen t trials, 6 target-absen t trials and 10 Foil or Filler trials. The carriers and targets were read by two different native speakers of French (male, Belgian accent, for the carriers; female, Parisian accent, for the targets).
Procedure. Each trial began with the auditory presentation of the target. After a 500 ms delay, a short warning signal was presented, followed after 150 ms by the carrier. Participants were tested individually in a sound-attenuate d booth. Stimuli were presented through Sennheiser headphones. Participants were required to press a key as rapidly as possible if the target was present at the beginning of the carrier. Each participant received all carriers twice, once with the cv target and once with the cvc target. Stimulus presentation and rt collection was controlled by the PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) , with a cmu button box.
The experiment included two blocks separated by a short break. The 192 carriers appeared in both blocks with alternate targets, so that cv and cvc targets were equally distributed within each block. The order of trials within blocks was xed and pseudo-randomised with the constraint that matched targets would not appear in immediate succession, and the order of the two blocks was counterbalanced across participants.
Results
Performance was more accurate in the No-foil than in the Foil condition. There were 5.2% of misses in the Foil Condition, and 1.9% in the No-foil Condition. Particularly with the foils, participants sometimes produced false alarms (5.8% for the foils and 0.1% for the target-absen t llers, in the Foil condition; 1.1% in the No-Foil condition). Although the overall level of accuracy was high, a few participants in the Foil condition showed rates of misses or false alarms in the range of 10%.
The mean detection times for each subject and for each item were computed. Because of the evidence of a relation between the syllable effect and overall rt (Dupoux, 1993) , no cutoff procedure was applied. 2 We restricted the latency analyses to the participants who reached a threshold of 95% correct responses altogether (target-bearing trials, foils, and llers), thus eliminating eight participants in the Foil condition.
Mean rts were submitted to four-way analyses of variance, including pivotal consonant set (Liquids, Stops, and Fricatives), carrier structure (cv . cv vs. cvc . cv), target type (cv vs. cvc) and condition (Foils vs. Nofoils) . The mean latencies for each set and condition are displayed in Figure 1 .
Participants were faster in the No-foil than in the Foil condition [404 vs. 508 ms; F 1 (1, 58)ˆ86.57, p < .0001; F 2 (1, 42)ˆ498.07, p < .0001]. The In view of Dupoux's (1993) claim that the syllable effect can only be reliably detected for slow participants, we split the participant sample into three groups, as a function of their overall rt. In each condition, we considered the ten fastest and ten slowest participants, and assigned the rest of the subject sample to an intermediate subgroup. In the No-foil condition, there was absolutely no hint of an effect (net average syllable effect 3 of ¡3, 6 and ¡5 ms, all Fs < 1, for the fast, mid and slow subgroup, respectively). In contrast, in the Foil condition, there was some evidence for a speed effect (net syllable effects of 3, 36 and 21 ms), with a signi cant Target £ Carrier interaction in the intermediate [F 1 (1, 10)ˆ5.62, p < .05] but not the slow subgroup [F 1 (1, 9)ˆ3.53, p < .10].
Discussion
Despite the procedural differences and the use of pseudoword carriers, the latencies for the No-foil condition (grand mean: 404 ms) were approximately in the same range as those reported by Mehler et al. (1981, grand mean: 364 ms) . One half of the participants had overall rts below 400 ms. This at least suggests that the changes that we introduced in the experimental procedure did not lead to major differences in the processing strategies deployed by the participants.
However, we did not observe the expected crossover interaction that signals a syllable matching strategy. In none of the six cells (three carrier sets and two conditions) did the interaction emerge. Rather, the data were characterised by an effect of target length, with latencies to the shorter (cv) targets faster than those to the longer (cvc) targets. The effect of target length was more marked when catch trials were included, and it was generally smaller with cvc . cv than with cv . cv pseudowords. While the target length effect suggests that participants were using a phoneme-based matching strategy, hence taking more time to detect a match for the longer targets, the reduction of this effect for cvc . cv carriers is ambiguous. It could signal a syllable effect, or it could be due to differences in the rate of phonetic information transmission for the two types of carriers.
The presence of catch trials had a massive effect on all aspects of performance. Participants made frequent false detections on catch trials and showed a higher miss level when catch trials were included. Furthermore, latencies were about 100 ms. slower with foils than without. Despite the general lengthening of latencies however, no clear indication of a syllable effect was found. Hence, Experiment 2 aimed at rendering the experimental situation more similar to that of Mehler et al. (1981) by blocking targets in homogeneous lists, in conditions including catch trials.
EXPERIMENT 2
In Mehler et al.'s (1981) experiments, all targets were made up of the vowel /a/ and a liquid pivotal consonant. We hypothesised that the greater heterogeneity in target composition in Experiment 1 might have made it harder for participants to extract syllabic cues, since the variation would give them less opportunity to compare the phonetic quality of cv and cvc targets containing the same vowel. Furthermore, if the syllable effect depends on the presence of subtle allophonic cues to syllabi cation, existing only for certain categories of consonants, the mixed condition of Experiment 1 may have blurred the effect by forcing participants to switch between different processing strategies. Experiment 2 thus examined whether blocking of targets by vowel (Experiment 2a) or pivotal consonant (Experiment 2b) in uenced the pattern of reaction times.
Method
Participants. Thirty-two participants were tested in Experiment 2a and 29 in Experiment 2b. Recruitment conditions were the same as for Experiment 1.
Stimuli. The same stimuli as in the Foil condition of Experiment 1 were used. In Experiment 2a, trials were blocked by vowel, and in Experiment 2b, they were blocked by consonant category. The trials were re-arranged into two blocks of four lists. Each list comprised three trials (a go trial, a no-go trial, and a foil trial) with each of the 8 cv targets and each of the 8 cvc targets that included the same vowel (or the same pivotal consonant class, in Experiment 2b) for a total of 48 trials per list. Each list included one half of cv . cv and one half of cvc . cv carriers. The corresponding lists for the other block were obtained by interchanging the paired carriers. The order of trials within lists was xed and pseudorandomised with the constraint that matched targets would not appear in immediate succession, and the order of the two blocks was counterbalanced across participants.
Results
Accuracy was slightly higher than that of the Foil condition of Experiment 1. There were 1.7% misses in Experiment 2a, and 1.4% in Experiment 2b. False alarms rates were 5.3% and 5.6% for the foils, and 0.1% and 0.2% for the target-absen t llers, in Experiment 2a and 2b respectively. As in Experiment 1, participants who had less than 95% correct responses were eliminated, leaving 31 participants for Experiment 2a and 27 for Experiment 2b. Mean latencies are displayed in Figure 2 . interaction. For the plosives, the Target effect [F 1 (1, 30) Subgroup analysis. For each experiment, we split the participant sample into three groups, as a function of their overall rt. As previously, we isolated the ten fastest and ten slowest participants, and assigned the rest of the sample to an intermediate subgroup. As Figure 3 illustrates, the results con rmed quite clearly Dupoux' s (1993) reanalysis.
First, in both experiments, the size of the syllable effect increased from the fastest to the slowest subgroup (35 ms, ¡26 ms, and 109 ms for Experiment 2a; 35 ms, 57 ms and 68 ms for Experiment 2b). Second, exactly as reported by Dupoux (1993) , the most systematic change related to overall speed was in the size of the Carrier effect for cv targets. The slowest groups in both experiments were the only ones to show a sizeable advantage for cv . cv over cvc . cv carriers with cv targets (5 ms, ¡32 ms, and 27 ms for Experiment 2a; 1 ms, 5 ms and 42 ms for Experiment 2b). Finally, the average rts for each group and each pivotal consonant showed a clear crossover interaction pattern only for the liquids.
Discussion
Overall, the data con rm and clarify the pattern observed in Experiment 1. As in the Foil condition of Experiment 1, a robust target effect was found, more markedly for cv . cv carriers than for cvc . cv carriers. In contrast however, performance appeared more sensitive to the nature of the pivotal consonant, as attested by signi cant three-way interactions. The targetblocking manipulation caused differences in latency patterns as a function of the pivotal consonant to emerge more distinctly. The major outcome of this manipulation was a clear crossover interaction for the liquid consonants. Although the interaction was signi cant in both blocked conditions, the net syllable effect was numerically larger in the consonant- blocking condition than in the vowel-blocking condition (100 ms vs. 68 ms). In addition, the carrier effect for the cv targets reached signi cance only in the consonant-blocking condition.
In sum, it seems that a syllable effect can only reliably be observed for liquid pivotal consonants. The complementary post-hoc analysis based on subjects' overall response speed provided further support for this conclusion. It showed striking similarities between our ndings for the liquid set and the reanalysis of the original data by Dupoux (1993) .
The present nding of a syllabic effect with liquids replicates Mehler et al.'s (1981) results, but at the same time demonstrates that the syllable effect does not generalise to most syllable structures in French. The fact that the diagnostic crossover interaction occurs only with liquids, and only under target-blocking conditions, argues against the strong hypothesis of a perceptual mechanism designed for the extraction of syllables. Rather, it lends support to the acoustic-phonetic interpretation proposed in the Introduction, which attributes the observed effects to the use of negrained phonetic information. To test this explanation further, the following experiment aimed at obtaining more information on the temporal location of phonetic information in the signal and its relation to rt patterns.
EXPERIMENT 3
Some of the ndings from the previous experiments are consistent with a syllabic explanation. In particular, most conditions showed a cvc . cv advantage for cvc detection, which could be due to the syllabic match between the target and the initial syllable of the carriers. However, an alternative interpretation of that nding is that it re ects differences in the arrival of phonetic information in the signal as a function of syllable structure. According to this view, which we term the ''phonetic throughput hypothesis'', target detection latencies depend to a large extent upon the availability of the cues required for phoneme identi cation: the earlier these cues arrive the faster the detection response. Thus, one interpretation of the cvc . cv advantage for cvc targets observed here is that it mirrors in a relatively direct manner the differences in the rate of stimulus information accrual. Speci cally, if the vowel and coda consonant information arrive earlier in cvc . cv than in cv . cv pseudowords, one could understand why cvc detection is faster for cvc . cv than cv . cv stimuli.
The aim of Experiment 3 was to collect data on the time-course of phonetic information, and to assess whether estimates of the temporal location of phonemes could account for the reaction time data from the previous experiments. To that end, two types of estimates were obtained. Acoustic-phonetic data were collected, through visual inspection of spectrograms as well as auditory analysis by one of the authors. Perceptual data were gathered in a phoneme gating experiment, in which participants were instructed to report what phonemes they had heard for successive gates of the carrier pseudowords.
Method
Participants. Twenty-one students from the University of Geneva participated in this experiment. Ten participants heard one list and eleven participants received the other.
Stimuli and Procedure. The 64 target-bearing carriers of the preceding experiments were used to construct a series of gates of increasing duration. The duration of the rst gate was determined to correspond approximately to 3/4 of the duration of the initial consonant segment. Successive gates were created by incrementing the stimulus duration in steps of 15 ms up to the end of the carrier. The number of gates ranged from 10 to a maximum of 19. To limit each participant's contribution to about 1 hour, two experimental lists were prepared, each comprising an equal proportion of cv . cv and cvc . cv stimuli, selected so that paired cv . cv and cvc . cv pseudowords appeared in different lists.
The participants were required to write down what they heard as precisely as they could. Each trial consisted of an auditory warning signal, followed by the stimulus after a 500 ms delay. The inter-trial interval was set to 3 s to leave suf cient time for responding.
The temporal location of Vowel Onset and Pivotal Consonant Onset was also measured on spectrograms by a trained phonetician (C.M.), based on systematic phonetic criteria. The criterion used to identify vowel onsets was the appearance of the second formant. For liquids, the main criterion was the disappearance of the second formant, accompanied, for /l/, by an abrupt decrease in signal amplitude. For the stops (which were all unvoiced), the onset was located at the point where the two formants of the vowel disappeared. Finally, the appearance of noise and the disappearance of the second formant of the vowel indicated the onset of the (unvoiced) fricatives.
Results and Discussion
For each participant, we estimated the perceived location of the vowel as the duration of the rst gate for which the vowel was correctly reported, and the location of the pivotal consonant as the duration of the gating stimulus for which the consonant was rst correctly identi ed. We then used the results averaged across participants to compute two values for each carrier: an estimate of vowel onset (vo) location and an estimate of pivotal consonant onset (pco) location relative to the beginning of the vowel. The rst corresponded to the stimulus duration up to the beginning of the vowel, and the second was obtained by subtracting vo from the averaged stimulus duration up to the beginning of the consonant.
Phonetic analyses. The mean perceptual and phonetic estimates are displayed in Table 1 . We ran analyses of variance with pivotal consonant category and carrier structure as factors to assess whether there were systematic variations in vowel onset and pivotal consonant onset location.
For the acoustic-phonetic measures, there were no signi cant effects for vo, although it was shorter for the cvc . cv carriers. In contrast, pco was signi cantly shorter for cvc . cv than for cv . cv carriers [F 2 (1, 42) cv carriers for the set with stop consonants. The large difference between perceptual and phonetic measures for the stops most likely stems from the criteria used in the latter. Acoustic-phonetic estimates were taken from the onset of silence, whereas gating data presumably indicate the location of closure release. Thus, despite minor differences, the perceptual and acoustic-phonetic measurements agree in indicating that cv . cv and cvc . cv carriers do not differ much in the temporal location of the vowel information but show systematic temporal variations in the location of the pivotal consonant. According to both data sets, the consonant comes earlier in the cvc . cv pseudowords. This observation provides a natural explanation for the overall rt pattern, assuming that participants make their detection decision on the basis of the initial consonant plus vowel information when given a cv target, but wait for the pivotal consonant when receiving a cvc target. The following regression analyses aimed at testing the hypothesis that latencies were directly driven by phoneme throughput, by examining how durational variations across items predict the rts.
Regression analyses. One straightforward prediction is that detection times should vary as a function of the temporal location of successive phonemes, irrespective of the syllabic structure of the carriers. However, the time-course of phonemes is partly confounded with the structural factor, since pco varies with carrier structure, as shown in the previous analysis of the temporal estimates. Hence, the nding that rts vary with measures of phoneme location would not be suf cient to distinguish between a structural explanation and a phonetic explanation of the latency pattern.
To pit syllabic structure against phonetic throughput, we introduced a dummy variable (car) to code for carrier category (¡1 for cvc . cv and ‡1 for cv . cv items). This predictor should best capture the part of item variability that is associated with the structural difference. Given the coding used, the carrier effect with cvc targets (cvc . cv faster than cv . cv) should translate into a positive contribution of the car predictor. Conversely, a carrier effect with the cv targets (cvc . cv slower than cv . cv) should lead to a negative contribution of car. The two questions of interest, then, were whether signi cant effects of syllabic structure (i.e., the car predictor) occur, when the contribution of phoneme temporal location (i.e., vo and pco) is taken into account, and whether phoneme location predictors would account for some proportion of the variance, over and above the contribution of syllabic structure.
The phonetic throughput hypothesis assumes that perceptual mechanisms extract units of phonemic or subsyllabic size, and that participants make a detection response as soon as the phonetic information relevant to assess the target/carrier match has been processed. Hence a second prediction derived from that view is that reaction times should re ect the time-course of phonetic information to the extent that it is relevant to the decision. Thus, cv detection times should vary as a function of the temporal location of vowel onset, and cvc detection times should in addition be sensitive to the temporal location of the pivotal consonant.
We ran separate stepwise regression analyses for each of the four experimental conditions (Experiment 1, Foil and No-foil condition, Experiment 2a and 2b), target type (cv vs. cvc), and set of measurements (perceptual vs. acoustic-phonetic data). Each analysis used three predictors, the car dummy variable, the estimate of vowel onset location relative to the beginning of the stimulus (vo), and the temporal location of the pivotal consonant onset relative to the onset of the vowel (pco). The car predictor was forced rst into the equation, and the two others were entered successively in order of decreasing contribution (with a .10 probability threshold). Table 2 displays the percentage of variance explained at each step of the regression and the parameters of the nal regression equations.
Regarding rst the analyses for cvc target detection (right section of Table 2 ), three main ndings are worth noting. First, there is no effect of the car predictor, except in the vowel-blocking condition, with the acoustic-phonetic estimates. Second, all regression models demonstrate a systematic contribution of vo, which accounts for a large proportion of variance (from 46% in the No-foil condition up to 76% in the Foil condition). The value of the unstandardised vo coef cient in the regression models was generally very close to 1, meaning that the tted relation was close to perfect (1 ms of input time accounts for 1 ms of response time). In the No-foil condition, the proportion of explained variance was clearly lower (around 50%), and the vo coef cient was reduced to about .5. Third, all regression models except one (No-foil condition with perceptual estimates) demonstrated a systematic contribution of pco, accounting for an additional 2-9% of explained variance (which corresponds to about 10-35% of the residual variance).
In summary, for cvc target detection, the best-tting model is for the Foil Condition, with perceptual estimates. This model accounts for 85% of the rt variance. Thus, the mean rt can be predicted quite accurately from the resulting regression equation [rtˆ300 ms (the constant) ‡ time (in ms) to vowel onset ‡ 1/2 the time from vowel onset to consonant onset]. Clearly, cvc detection is successfully explained by phoneme throughput, and there is little evidence to indicate that syllable structure plays any signi cant role.
The picture is different, and slightly more complex, in the case of cv target detection (left section of Table 2 ). Again, several observations are relevant. First, there was generally no effect of car, with the exception of the consonant-blocking condition, in which a marginally signi cant negative contribution was found. This nding mirrors the ANOVA results, but extends them by indicating that this syllabic structure effect cannot be reduced to variations in phoneme throughput. Interestingly, the car contribution appears to be related to the liquid set, since it completely vanishes if the same regression models are applied to the data for fricatives and stops only.
Second, all regression models indicate a signi cant contribution of vo, accounting for a substantial proportion of the variance (from 12% in the vowel-blocking condition to 54% in the Foil condition). However the contribution of vo was much less clear than for the cvc targets, especially for the two blocked conditions (respectively, 12.5 and 20.4% for vowel- Note: Lines between brackets and in italics correspond to non-signi cant (> .10) predictors, which were tested but not included in the equation.
and consonant-blocking conditions with phonetic predictors; 17.4 and 23.9% with perceptual predictors). Again, this reduction is related to the liquid set. When the same regression model was applied to the data for fricatives and stops together, the proportion of variance explained by vo increased massively (respectively, 27.7 and 36.4% with phonetic predictors; 29.2 and 37.5% with perceptual predictors).
Third, as expected on the basis of the phonetic throughput hypothesis, in none of the eight regression models did pco contribute signi cantly to CV target detection. This lack of contribution was not due to the link between pco and carrier syllabic structure, since similar null effects were found in regressions in which the car predictor was not used.
In sum, in contrast to the results for cvc detection, the three variables considered are far from providing a full account of detection latencies for cv target detection. Neither the syllabic structure per se nor the temporal location of vowel information appears to constitute the most important driving factors in this condition. The regression ndings corroborate the outcome of Experiment 2, indicating that liquids constitute a special case in showing a syllabic structure effect and much less in uence of phoneme throughput. Clearly, other (as yet unidenti ed) factors need to be considered in order to explain cv target detection.
GENERAL DISCUSSION
The present research aimed at replicating the syllable effect rst reported by Mehler et al. (1981) and to extend its generality to more varied stimulus materials than in the original study. In the rst experiment, we used disyllabic pseudowords including liquids, fricatives, or plosives as pivotal consonant, and assessed the in uence of catch trials. The characteristic crossover interaction was obtained in neither of the two conditions. In addition, in the Foil condition only, cvc detection was faster for the syllable-matching cvc . cv carriers than for the mismatching cv . cv carriers, but there was no indication of the opposite effect for cv detection. Experiment 2 used the same stimuli, but the targets were blocked either by vowel or by pivotal consonant. Different outcomes emerged as a function of the pivotal consonant category, and a clear crossover interaction was only obtained with liquids. In Experiment 3, we estimated the time-course of phonetic information in the carriers. Regression analyses showed that for cvc target detection, up to 85% of variance was accounted for by two temporal characteristics of the carriers, the location of the onset of the vowel and of the pivotal consonant, and there was no evidence that syllable structure played any signi cant role. In contrast, for cv detection, only the vowel onset location was predictive, and there was some evidence for a contribution of syllable structure.
Two additional aspects of the results deserve mention. The rst concerns the in uence of catch trials, in Experiment 1. Performance was markedly affected by the presence or absence of catch trials. Participants were much faster in the absence of catch trials, suggesting that they responded based on a match between the initial subsyllabic portion of the target and the carrier. When catch trials were present, they gave rise to about 5% of false alarms, indicating that participants could not always avoid such anticipatory partial match responses. Moreover, reaction times to shorter (cv) targets were faster than to longer (cvc) targets and this effect was larger in conditions including catch trials.
The second point concerns the analysis of the crossover interaction. We chose to decompose the interaction in terms of the local effects of carrier structure for each type of target. Several ndings suggest that the two components of the interaction do not belong together, and may arise from different causes. The carrier effect for cvc detection (i.e., the latency advantage of cvc . cv carriers over cv . cv carriers) was generally present, and robust. It occurred for all pivotal consonant sets and it was not modulated by the blocking manipulation. Furthermore, the regression ndings provide strong evidence that the cvc target effect is driven by the temporal characteristics of the carriers. In contrast, the carrier effect for cv detection (i.e., the latency advantage of cv . cv carriers over cvc . cv carriers) appeared labile and determined the lack of robustness of the interaction. It varied as a function of several factors: the pivotal consonant, the target homogeneity, and participant speed. Moreover, compared to cvc detection, the carriers' temporal properties explained a much smaller proportion of the variance, particularly in the regressions on targetblocking data, suggesting that other factors in uenced the cv detection latencies.
In sum, with respect to the issues that led us to initiate this research, the present ndings demonstrate that the syllable effect is limited to stimuli with liquid pivotal consonants, and that even for such stimuli, it is fragile. In our data, it only emerged when tested under relatively homogeneous target conditions, and even then, it was only apparent in the slowest participant subgroup. Taken together, the results provide a rather coherent picture. They are perfectly consistent with the initial ndings and their reanalysis (Dupoux, 1993) , and extend them to pseudowords. Indeed, we obtained a crossover interaction only in the condition closest to theirs, that is, with liquid pivotal consonants in blocked conditions. At the empirical level, the constraints that we have identi ed may provide a potential explanation for the elusive nature of the syllable effect (e.g., Kearns, 1994) .
At the theoretical level, the present ndings provide support for a subsyllabic/phonetic perceptual process and argue against the hypothesis of a syllable classi cation mechanism. In the Introduction, we contrasted two potential explanations of the syllable effect, a syllabic explanation and an acoustic-phonetic explanation. The syllabic explanation, endorsed by Mehler et al. and colleagues, assumes that the incoming signal undergoes an early process of syllabic segmentation and classi cation. The syllabic code resulting from this process serves to evaluate the match with the target. A weaker version of this hypothesis is the dual-coding proposal proposed by Dupoux (1993) and Sebastiá n-Gallé s et al. (1992) . In contrast, according to the acoustic-phonetic hypothesis, the perceptual process is based on smaller-sized units, and it delivers ne-grained phonetic information so that participants can continuously evaluate the phonetic and sub-phonetic match between the incoming signal and the target.
Several features of the present study favour the latter interpretation. Namely, the effect of catch trials on latencies and accuracy, as well as the predictive value of the carriers' temporal characteristics support the view that performance re ects in a quite direct way the incoming speech signal. Conversely, the fact that the syllabic effect is limited to one particular class of pivotal consonants seems hard to reconcile with the notion of a ''bank of syllabic analysers'' (Mehler, Dupoux, & Segui, 1990) . A more parsimonious interpretation is that participants continuously attempt to match the phonetic features extracted from the incoming signal with their stored representation of the target. In some rather circumscribed conditions, however, the syllabic mismatch between the cv target and a cvc . cv carrier causes interference and delays the detection response. Of course, for this account to be complete, the reasons why this mismatch interference effect occurs only with liquid consonants, in target-blocking conditions, and for slow listeners remain to be elucidated.
One factor that might explain the special behaviour of liquids relates to potential ambiguities in the syllabi cation of the consonant clusters containing liquids. Obviously, all the clusters used to construct the cvc . cv carriers (except for the ambiguous set) were selected because they were considered heterosyllabic according to common descriptions of syllable structure (see, e.g., Dell, 1995) . However, such categorical linguistic descriptions may not capture the ner details, and there is indeed evidence from explicit syllabi cation studies that not all clusters lead to consistent intuitions from listeners. Goslin and Frauenfelder (submitted) examined the agreement between ve different syllabi cation algorithms for French, and compared the various solutions to (Swiss) French speakers' explicit syllabi cation of disyllabic pseudowords. Although the experiment did not include the exact clusters used here, the materials sampled from the four major phonetic classes (plosives, fricatives, liquids, and nasals), so that their ndings provide at least an index of the probability of c . c syllabi cation for the present stimuli, with the additional advantage of stemming from exactly the same subject population. From their data, we computed that the proportion of c . c syllabi cation was around 90% for the three pivotal consonant sets used in the present study. Although it was slightly higher for the liquids than for the two other sets, it seems unlikely that such a minor difference could explain our ndings.
A more plausible explanation, in our view, is the existence of acousticphonetic differences related to syllabicity, which have not been captured by the analysis of phoneme durations. In general, phonetic evidence suggests that spectral differences due to coarticulation, as well as other subtle timing variations are correlated with syllable structure (see Krakow, 1999) . In the absence of any direct evidence indicating that such cues are perceptually more salient for liquid consonants in French, this account remains speculative, but we believe that it opens interesting perspectives for further research. It suggests more direct links between listeners' performance in rt tasks and the phonetics of syllabicity than have previously been assumed.
The second constraint, the in uence of target blocking, suggests that the mismatch interference effect is conditioned by subjects' ability to build a richly speci ed representation of the target. When targets are mixed, participants have less opportunity to uncover relevant cues to discriminate between similar (i.e., matched cv and cvc) targets. So, although further evidence would be needed to substantiate this interpretation, the nding of a target blocking effect is certainly in line with the acoustic-phonetic account that we have proposed.
Regarding the in uence of subjects' response speed, Dupoux (1993) and Sebastiá n-Gallé s et al. (1992) assumed a race between two perceptual processes, one based on a syllabic routine and the other based on subsyllabic analysis. In their view, slow participants demonstrate a syllable effect because the (late) syllabic code has enough time to build up, and hence determines the response. Unfortunately, such a hypothesis fails to account for the two other constraints that we have identi ed here. In both experiments, slow participants tended to make fewer false alarms, but more misses than faster ones.
We speculate that these conservative participants require more than a phonemic categorical match and try to extract subtle subphonetic cues before making a go response. Accessing subphonetic detail and matching at that level may take more time than the analogous operations at the phonemic category level. Since it is at the subphonetic level that the mismatch between cv targets and cvc . cv carriers occurs, we can understand why the slow subjects show a detrimental effect in such trials. In a way, this account is similar to Dupoux's dual-coding proposal, except that the code requiring more time is assumed to be subphonetic rather than syllabic.
In conclusion, the main empirical contribution of the present study is the demonstration that the syllable effect occurs only in very circumscribed conditions, and that sequence detection latencies are in general directly determined by the time-course of phonetic information in the carriers. At the theoretical level, we propose a re-interpretation of the phenomenon, according to which it results from a combination of a phonetic effect, which explains the advantage of cvc . cv carriers for cvc detection, and a mismatch interference effect that occurs only when participants have ample opportunity to establish a re ned and detailed representation of the target. Hence, we argue that the present ndings are not compatible with the hypothesis of an early perceptual mechanism of syllabic classi cation, and furthermore, that the so-called syllable effect does not demonstrate the existence of such a mechanism. Content, Dumay, and Frauenfelder (2000) have advanced further arguments against the hypothesis that syllables constitutes an early perceptual category. One argument comes from explicit syllabi cation studies. Contrary to the belief that syllable boundaries are clear and unambiguous in French, Content, Kearns, and Frauenfelder (2001) found that, when required to repeat the rst part of bisyllabic words, Frenchspeaking participants often included the intervocalic consonant, thus producing nearly as many cvc and cv responses. This result, which was recently replicated by Goslin and Frauenfelder (submitted) , was observed despite the fact that our experimental stimuli were simple cv . cv words, for which phonological analyses unanimously assume a cv . cv syllabi cation. In addition, there was an asymmetry between syllable onset and syllable offset decisions. In contrast to the variation found for the repetition of the rst part (i.e., offset decisions), participants nearly always included the consonant when required to repeat the second part of the words (i.e., onset decisions).
We take the explicit syllabi cation data to indicate that syllable onsets constitute reliable segmentation points in the signal, and we hypothesise that syllable onsets are used as privileged alignment points for lexical search in continuous speech recognition. In further studies, we have put this Syllable Onset Segmentation Hypothesis (sosh) to the test by investigating the processing of words embedded in multisyllabic carriers. We used the word-spotting task to examine whether a misalignment between a syllable onset and the target word onset delays the recognition of the word (Dumay, Frauenfelder, & Content, in press ). According to sosh, the lexical cost due to word/syllable misalignment should be greater for nal embedding, which corresponds to onset misalignment, than for initial embedding. This prediction was con rmed both by rt and error data. Onset misalignment (zu . glac vs. zun . lac) induced signi cant rt (93 ms) and error (7.3%) effects, whereas offset misalignment (la . cluf vs.
lac . tuf) revealed smaller and non-signi cant rt effects. Interestingly, our word-spotting ndings bear a strong resemblance to results obtained by McQueen (1998) with Dutch, as well as Weber (2000) with English, thus substantiating our belief that the syllable onset segmentation strategy might constitute a general characteristic of speech processing. In sum, whereas the present research suggests that the precise assumptions that grounded the initial interpretation of the syllable effect were not correct, they certainly should not be taken as a rejection of the core idea that inspired Mehler et al.'s study, that syllable structure plays an important role in the perception of speech.
